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A self-consistent solution is obtained for the problem of electron flux generation by interaction
between an ultrashort laser pulse and a metal target1988 American Institute of
Physics[S1063-785(18)01603-9

INTRODUCTION where F(t) is measured in particlggh?/s) LB. and A; is

The interaction between high-intensity ultrashort Iaser}hzteef:‘lecclfrr;%yeorl:ecronversmn of the laser radiation energy into
pulses and matter results in the generation of fast electron§ The motion fgtyH fast electrons is described b
with effective temperature$;~10 keV andT;~100 keV € motion ot the tast electrons 1s described by

for laser power densities on the targgt=10'® W/cn? and dp

1 r cp
q,~ 10""-10'® Wicn?, respectively. The laser radiation is G- Et X =V VE e
converted to fast electrons with an efficienkyof order tens pe+mee 3)
of percentt

On leaving the target, the fast electrons create electrowherem is the electron rest mass.
magnetic fields which act so as to return them back to the =~ The Maxwell equations in a cylindrical coordinate sys-
generation zone. The motion of the electrons in the selftem are used to determine the fields. The initial conditions
consistent electromagnetic fields beyond the target may lea@re taken as zero. The boundary0 (surface of the plates
to the dipole emission of an ultrashort, high-power electro-assumed to be conductind=(=0). The other boundaries
magnetic wave. Since the emission region is small, the wavé= Zmax andr =1, are also conducting, but they are some
may subsequently be focused by the usual means for fundaistance away and do not influence the field distribution in-
mental and applied research purposes. It is of interest to eside the spot.
timate the possible efficiency for conversion of the fast elec-  The calculation algorithm of our PM2D method is based

tron energy into an outgoing electromagnetc wave. on splitting into physical processes, which implies system-

Here we present results of calculations made using thétic modeling at each time step:
PM2D code to model the motion of the fast electrons and  — the injection of fast electrons;
electromagnetic fields generated by the interaction of a pico- — motion of the electrons in electric and magnetic fields;
second laser pulse and a planar target at interugity10'® — the electron current distribution in the region;
W/cn?. — the electric and magnetic fields.

Making the time step small compared with the charac-
FORMULATION OF THE PROBLEM AND METHOD OF teristic time of variation Qf the electric and magn_etic fields
SOLUTION ensures that the calculations of the electron motion and the
fields are self-consistent.
Laser radiation focused in a beam of radigss incident The particle method is used to model the space—time

normally on the surface of a metal plate. The time depenyjstribution of the electrons. An explicit “cross-shaped” dif-

dence of the supplied laser powE(t) is described by an  ference scheme is used to find the numerical solution of the
isosceles triangle with a base duration of 9s and peak paxwell equations.
Pmax=10"" W. Near the spot a surface source of fast elec-
trons is defined with an isotropic angular distribution and ageg; Ts AND ANALYSIS
Maxwellian energy spectrum with the temperature
s Calculations made for the parameteks=10 1-103
P(t) and r,=20-5 um show that most of the electrons are

' trapped by the electric field in a region of characteristic size
o o o ~1 um near their surface of generation. The highest-energy
HereT, is in keV, the laser radiation pow@(t) is in watts,  gjectrons escape from this region and then move back toward

D

2

To(t)= 1oo><(
oo

and o= 10" W/cn?. the surface of the target with a helical motion. Some of them
The fast electron flux leaving the plate is given by reach this surface where they are absorbed.
= P(t) 213 As a result of the nonunifornfmainly alongz) electron
F(t)=6.3% 1029><($) ><Af><( 5 ) (2 motion, an electromagnetic wave is generated. All the pre-
7T o0o 7000 requisites of dipole radiation are present in our case, and the
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FIG. 1. Time dependence of the second derivative of the dipole moment foFIG. 2. Second derivative of the dipole moment assuming various laser
various radii of the laser radiation spot f8¢=0.01. energy conversion efficiencies fog=10 um.

sponds to conversion of fast electron energy into electromag-
parameters of the outgoing electromagnetic wave can be deretic pulse energy with efficiencieg= K/Af~10*4—1(T3.
termined by calculating the time dependence of the second

derivative of the dipole moment with respect to titheThe =~ CONCLUSIONS

dipole radiation power is given by Calculations made using the PM2D program have shown
5 q 2 that fast electron energy may be converted into subpicosec-
1= & f szv) (4  ond electromagnetic pulses with an efficiency of 3010 *
3c? dt when the intensity of the ultrashort laser radiation on the

target is 18°-107 wicn?.
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The fieldsE andH at the observation point at distanReare
related to the dipole moment by the well-known relatfbns
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conversion of the laser radiation into an electromagnetic (Pergamon Press, Oxford, 197[Russ. original, Fizmatgiz, Moscow
wave may reach . =| . /Pr.~1075 for re=10um and (1969213 ppk
A;=0.1, and also fory=5 um andA;=0.01, which corre- Translated by R. M. Durham



